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a  b  s  t  r  a  c  t

Land  use  and  land  cover  changes  have  complex  linkages  to climate  variability  and  change,  biophysical
resources,  and socioeconomic  driving  forces.  To  assess  these  land  change  dynamics  and  their  causes  in  the
Great  Plains,  we  compare  and  contrast  contemporary  changes  across  16  ecoregions  using  Landsat  satel-
lite data  and  statistical  analysis.  Large-area  change  analysis  of  agricultural  regions  is  often  hampered  by
change  detection  error  and  the  tendency  for land  conversions  to occur  at the  local-scale.  To  facilitate  a
regional-scale  analysis,  a statistical  sampling  design  of  randomly  selected  10  km  ×  10  km  blocks  is  used  to
efficiently  identify  the  types  and  rates  of  land  conversions  for four  time  intervals  between  1973  and  2000,
stratified  by  relatively  homogenous  ecoregions.  Nearly  8%  of  the  overall  Great  Plains  region  underwent
land-use  and  land-cover  change  during  the  study  period,  with  a  substantial  amount  of  ecoregion  vari-
ability  that  ranged  from  less  than  2%  to greater  than  13%.  Agricultural  land  cover  declined  by  more  than
and management 2%  overall,  with  variability  contingent  on  the  differential  characteristics  of  regional  human–environment
systems.  A  large  part  of  the  Great  Plains  is  in relatively  stable  land  cover.  However,  other  land  systems
with  significant  biophysical  and  climate  limitations  for agriculture  have  high  rates  of  land  change  when
pushed  by  economic,  policy,  technology,  or  climate  forcing  factors.  The  results  indicate  the  regionally
based  potential  for land  cover  to  persist  or  fluctuate  as  land  uses  are  adapted  to spatially  and  temporally
variable  forcing  factors.
ntroduction

The dynamics of land-use and land-cover change are increas-
ngly recognized as operating within a linked human–environment
ystem that is shaped by the complex interactions of social, eco-
omic, climate, and biophysical factors (Rindfuss et al., 2004; Global
and Project, 2005; Turner et al., 2007). In practice, the organi-
ation, function, and causes of land use activities are often not
dequately considered in environmental change studies. As a result,
he spatial and temporal complexity of human–environmental pro-
esses and feedbacks that operate at regional to global scales are
ot fully understood (Liu et al., 2007). Regardless, regional analyses
f the extent, types, and processes of land change are critical for fur-

her assessment of the prospects for ecological and socioeconomic
ustainability (Loveland et al., 2002; Turner et al., 2007), as well as
or issues of climate (Pielke et al., 2007), hydrology (Scanlon et al.,
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2005), carbon exchange (Burke et al., 1991; Post and Kwon, 2000;
Guo and Gifford, 2002), and biodiversity (DeFries et al., 2004).

Over the past two centuries, the United States Great Plains has
undergone significant land surface change as it was  transformed
from extensive grassland to a modern mosaic of rangeland, dry-
land farming, and intensive irrigated and industrial agriculture.
Perceptions of the Great Plains, which have ranged from desert to
agricultural oasis, have also evolved over time, in part as advances
in technology and agricultural practices aided adaptation to cli-
mate variability and drought (Lawson and Stockton, 1981; White,
1994). Recent scientific thought emphasizes the longevity and sus-
tainability of agricultural pursuits, while also recognizing the risks
and vulnerability of the region to socioeconomic and environmen-
tal change and the opportunities to enable resilience (Cunfer, 2005;
Parton et al., 2007). Many areas of the Great Plains may  remain
relatively stable producers of food, fiber, and fuel well into the

future. However, other areas in the region are significantly affected
or may  be affected in the near future by climate change, land use
policies, increased demand for biofuels, globalization, national eco-
nomic conditions, declining water availability, population change,

dx.doi.org/10.1016/j.landusepol.2011.11.007
http://www.sciencedirect.com/science/journal/02648377
http://www.elsevier.com/locate/landusepol
mailto:madrummond@usgs.gov
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nd other factors. Indeed, regional land use practices have been
dapting to climate and resource variability, new technology, reg-
latory policy, and new global economic opportunities for decades
Easterling et al., 1993). In light of the contemporary pressures and
riving forces shaping the Plains, how dynamic and diverse are the

and changes in the region?
Across the Great Plains, where extensive areas of land are

edicated to livestock and cropping activities, land use patterns
nevitably rely on the environmental capacity for agricultural pro-
uction, as well as the human capacity to utilize available resources.
owever, the timing and extent of land changes are modulated
y numerous socioeconomic forces. Essentially, different locations
ave geographic advantages or limitations for intensive crop pro-
uction, rangeland grazing, or other agricultural uses that are
ontingent on the prevailing climate and land quality (e.g., soils,
opography, and water availability). Human interactions further
trengthen or diminish the characteristics of local and regional-
cale change through land use policies and economic opportunities
Drummond, 2007), technological advances and agricultural inputs
Parton et al., 2007), population and demographic shifts (Gutmann
t al., 2005), industrialization of agriculture (Hart and Mayda,
998), and surface and groundwater irrigation (Kromm and White,
992). The human–environmental land system not only enables the
anagement of the landscape for the production of food, fiber, feed

rains, and fuel but also causes feedbacks and consequences that
ltimately affect the vulnerability and sustainability of the system.
ecause of these interacting forces, the rates, causes, and implica-
ions of land change may  vary substantially across the region.

To examine land change dynamics, we analyzed the geographic
nd temporal variability of land use and land cover for five dates
etween 1973 and 2000 stratified across 16 nested ecoregions
hat comprise the greater Great Plains ecoregion (Fig. 1) (Omernik,
987; Commission for Environmental Cooperation [CEC], 1997; US
nvironmental Protection Agency [USEPA], 1999). The hierarchi-
al ecoregion framework provides a set of relatively homogenous
and units (EPA Level III ecoregions) to compare, contrast, and gen-
ralize the characteristics of land conversion across the diverse
onditions of a large region such as the Great Plains (EPA Level

 ecoregion), which has considerable potential for regional trans-
ormation. The individual ecoregions of the Great Plains may  show
ifferential characteristics of change that ultimately relate to many
f the pressing issues of land use that include providing food and
uel for a growing world population, carbon sequestration, ground-
ater mining, strategic habitat conservation, and climate change.

and change research

Several contemporary research issues help to frame the
egional-scale land-cover changes affecting the Great Plains,
ncluding a significant historical redistribution of human popu-
ation and demographics. Population has declined and aged in

any rural areas since the 1930s, although there may  not be a
lose relationship between modern rural population loss and land-
over change across most of the Great Plains (Gutmann et al.,
005). Population has stabilized or increased in a few locations of
xpanding agricultural industry, including Finney County, Kansas
here confined feeding operations and meat packing plants pro-

ide employment opportunities (Broadway, 1990; Harrington and
u, 2002). Large cities and their surrounding areas have gained pop-
lation, which can have a detrimental effect on the local extent of
gricultural land as urban areas, exurban settlements, and industry
ain water rights and expand onto cropland and pasture (Parton

t al., 2003). Total population in the region increased by about 50%
etween 1970 and 2000; however many rural counties had net
opulation loss, while there were substantial gains in urban and
eri-urban areas (Wilson, 2009). This is linked to decreases in farm
 Policy 29 (2012) 710– 723 711

numbers, larger farm sizes, and decreased labor needs of modern
agricultural production (Hart, 2003).

Public policies and subsidies that incentivize or delimit access to
natural resources have a variable impact over time and space. This
includes policies that promote or mitigate the use of energy sources,
water resources, and environmentally sensitive land. The Conser-
vation Reserve Program (CRP) established by the Food Security Act
of 1985, which has encouraged landowners to retire millions of
hectares of highly erodible and environmentally sensitive cropland
from production using 10–15 year contracts, has had a substantial
effect on land use patterns while also improving wildlife habi-
tat, water quality, and soil carbon and nitrogen storage (Riebsame,
1990; Gebhart et al., 1994). Retired land is planted to native and cul-
tivated grasses, windbreaks, and other cover types allowed by the
initial program and subsequent Farm Bills. Although some range-
land and native grasslands may  be newly tilled even as potentially
less-diverse CRP grassland is established, the more than 7 mil-
lion hectares of Great Plains CRP land benefits numerous birds and
other wildlife species (Higgins et al., 2002). If the economic and
social incentives to keep farmland in CRP weaken, then a signifi-
cant amount of land could be put back into production and perhaps
have a detrimental effect on local ecosystem services.

Efforts to establish biofuels as a substitute energy source could
influence a trend away from land retirement (Searchinger et al.,
2008). For example, the expanded use of various cultivated grasses
in the drier western plains that are useful for biofuel production
could cause large areas of land to be dedicated to biomass crops,
although questions remain about the ramifications of such changes
(Rosenberg and Smith, 2009). The amount of corn used for ethanol
production in the United States tripled between 2003 and 2008,
while the worldwide demand for food and livestock feed accounted
for a much higher (greater than 90%) amount of the global increase
in wheat, corn and other grains (Trostle, 2008). This suggests that
global demand for food and feed as population and demographic
factors evolve will continue to be a significant factor for future land
change, and suggests a need to explore biomass sources that do not
impact food production.

Climate variability and change pose risks to farmers, biota,
and human well-being. Future variability of summer temperature,
evaporation, and precipitation may  stress the wetland and riparian
ecosystems and other habitat, as well as put additional pressure
on land use and a limited water supply (USGCRP, 2009). Access to
water, including the High Plains Aquifer, has enabled agricultural
intensification and expansion, although declining water availabil-
ity and drought takes a toll on land use. Water-levels of the aquifer
declined by a geographically weighted average of more than 11 ft.
(200 million acre-ft.) between predevelopment and 2001 and had
a greater than 50% loss of saturated thickness in the southwestern
part of the Texas Panhandle due to land use (McGuire, 2003). Sat-
urated thickness is highly variable across the aquifer, and recharge
rates are generally low compared to pumping rates (Dennehy et al.,
2002). Limits to the water supply have reportedly caused farm
abandonment in areas of the semi-arid High Plains (Walsh, 1980;
Nellis et al., 1996; Wu  et al., 1999; Kettle et al., 2007). This has
occurred even as industrial agriculture, crop irrigation, and con-
fined feeding operations expanded and integrated around readily
available, but declining, water supplies (Kromm and White, 1992;
Harrington and Lu, 2002).

Woody plant encroachment onto grasslands and savannas, such
as in the southern plains, may  significantly alter carbon sequestra-
tion dynamics and contribute to a carbon sink (Hibbard et al., 2003;
Wessman et al., 2004), as well as affect soil moisture and other

biota. Climate and land use factors contribute to the expansion.
Encroaching brush and trees are sometimes cleared by landown-
ers as part of rangeland management and habitat enhancement.
The regional extent of woody encroachment in the southern plains



712 M.A. Drummond et al. / Land Use Policy 29 (2012) 710– 723

F coregi
t EC, 19

m
s
c
o
i
r
a

ig. 1. The greater Great Plains region (EPA Level I ecoregion) includes 16 Level III e
o  east from the Rocky Mountains to the Midwestern woodlands (Omernik, 1987; C

ay  be extensive (Mitchell, 2000); however, the amount of sub-
equent clearance is unclear. The dynamics of woody growth and
learance affects land use patterns, biodiversity, soil carbon and

ther environmental factors. Global carbon management depends,
n part, on land and soil conditions in the grassland and agricultural
egions. The storage of soil carbon differs spatially and temporally
cross the Plains depending on environmental characteristics such
ons that extend north to south from the borders with Canada and Mexico and west
97; USEPA, 1999).

as drought but also on land-use change and the intensity, type, and
time-span of cultivation (Parton et al., 2005).

Regional agricultural land use changes occur within a global

context of an increasing human population and changing demo-
graphics that affects the demand and preferences for agricultural
products. A projected 34% increase in global population and a
more affluent and urban society may  necessitate a 70% increase
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n food production by 2050 (Food and Agriculture Organization of
he United Nations [FAO], 2009). Part of the equation for meeting
hat demand is to ensure that food production has the capacity to
dapt to changes in climate and to other pressures such as increased
iofuel production (FAO, 2009). Global population growth cou-
led with the effects of regional climate variability and drought
n food supplies could increase the demand for agricultural land
n the Great Plains. Given these pressures, regions must balance
and-use change and the provision of ecosystem goods with the
nintended consequences to climate, carbon, water, biodiversity
nd other ecosystem services (DeFries et al., 2004; Ramankutty
t al., 2008).

In many regards, the theoretical underpinnings of land use and
and-cover change are still being developed beyond the broad inter-
retations of the von Thünen model of declining bid-rent as the
istance to market increases (Walker and Solecki, 2004), although
ambin et al. (2000) discuss several theoretical concepts useful in
gricultural land use models. Central to the von Thünen model is
he assumption that land, for a given location and its environmen-
al attributes, will be allocated to the use that earns the highest
rofit or surplus with variability of agricultural rent dependent
n climate, land quality, and socioeconomic factors (Polsky and
asterling, 2001). The land rent concept provides a basic framework
o help characterize successive land changes and their relationship
o potential economic forces and proximate causes.

aterial and methods

tudy region

The Level I Great Plains ecoregion of the U.S. includes all or part
f 14 states, covering an area of 2,187,091 km2. It is characterized
y relatively flat grassland and shrubland plains and prairies with
ew trees and a semi-arid to semi-humid climate (CEC, 1997). A
trong west to east gradient of increasing precipitation (approx-
mately 25–125 cm)  and a north to south gradient of increasing
emperature largely define the distribution of ecosystems and agri-
ultural management (Gutmann et al., 2005). Precipitation can be
ighly variable, with periods of drought as well as deluge. Grass
nd shrubland cover-types transition from drier, shortgrass steppe
n the west to tallgrass in the east. Although most of the land cover
s characterized as cropland, grassland, and shrubland, there are

oodlands in the southeast, sand dunes in the west-central plains,
nd prairie pothole and playa wetlands in the northern and south-
rn plains. The numerous pothole depressions left by glaciation
nd the shallow playa lake depressions caused by wind erosion
nd other processes of deflation provide wetland habitat and other
cosystem services (Smith et al., 2011).

and cover approach

Because of the potential for a variety of land-use changes across
uch a large region, an appropriate geographic framework is needed
or generalizing the characteristics of land change and identifying
he diversity of interactions with environmental and socioeco-
omic factors (Gallant et al., 2004). An ecoregion framework, with
omogenous characteristics for land use within each of the strata
elative to the surrounding ecoregions, is used here to capture

 range of land-cover conversion types in a region sometimes
erceived as agriculturally uniform. The spatially variable biotic
nd abiotic characteristics of the individual ecoregions, includ-

ng vegetation, soil characteristics, water availability, topography,
nd climate directly influence the land use patterns (Gallant et al.,
004). The integration of the Land Capability Classification into a
onceptual model of land system change, as a surrogate for land
 Policy 29 (2012) 710– 723 713

quality, provides additional characterization of agricultural con-
ditions. The classification provides a generalized measure of the
suitability of land for crop production using eight land quality
groups (USDA, 1973).

The Great Plains study is part of the Land Cover Trends project
that is examining the rates and causes of land-use and land-cover
change across 84 conterminous U.S. ecoregions between 1973 and
2000 (Loveland et al., 2002). Additional analyses of recent trends are
planned as part of a national land change assessment that expands
on the original study design. Omernik’s 1999 Level III Ecoregions of
the Continental United States (Omernik, 1987; EPA, 1999), provide
the basic strata for analyzing regional-scale patterns of land cover
and land use change. A probability sampling approach of randomly
selected grid locations was  used to derive estimates of change
(Loveland et al., 2002; Stehman et al., 2003). Each of the 16 ecore-
gion assessments used stratified random samples of 10 km × 10 km
blocks of multi-temporal data. For the Great Plains synthesis, a total
of 554 sample blocks were analyzed. Land cover estimates are based
on the interpretation of five time steps (nominally 1973, 1980,
1986, 1992, and 2000) of Landsat Multispectral Scanner, Thematic
Mapper, and Enhanced Thematic Mapper Plus satellite data. Multi-
ple dates of satellite imagery were used that spanned the growing
season in order to distinguish between temporary states, such as a
recently plowed field, and an actual conversion from one land cover
to another.

Land-use and land-cover interpretations were manually dig-
itized at a 60 m minimum mapping unit, which allows for
delineation of objects that are at least 60 m in width. To develop
the change database, a baseline reference date was interpreted and
then used as a spatial template to manually digitize and recode
changes that occurred in the next time step. This technique was
chosen in order to eliminate errors that occur when two  or more
time steps of independently created interpretations are used, which
can cause a significant amount of difference between the tem-
poral landscape patterns where none occurs. The National Land
Cover Database (Homer et al., 2004) and historical aerial photog-
raphy, maps, and documents aided with the interpretations. High
resolution aerial photography from the National High Altitude Pho-
tography (NHAP) program and the National Aerial Photography
Program (NAPP), which provide nearly complete national coverage
beginning in 1980, aided in the identification of the historical pat-
terns of land use and land cover. Ancillary data was  not consistently
available prior to 1980.

The manual method used in conjunction with a sampling
approach allows detailed localized interpretations of land con-
version over a smaller total area, which reduces some of the
measurement errors that often occur with large-scale change
detection (Loveland et al., 2002; Stehman et al., 2003). Quanti-
ties of land cover and land-cover change derived from the sample
data were scaled-up to develop estimates of total change in each
ecoregion. Mean change was  computed from the sample blocks for
each Level III ecoregion and was  multiplied by the total population
of blocks to develop the estimates of change. A limitation of this
approach is the inability to target rare land cover types or specific
sites such as isolated agricultural valleys or specific urban areas,
which could affect the representation of some land-cover types.
The estimation criteria for gross change aims for a margin of error
between ±1% at an 85% or greater level of confidence, and reflects
the practical considerations of generating precise ecoregion esti-
mates using a sample based approach (Stehman et al., 2003). Based
on this targeted precision level, prior change detection case stud-
ies, and the expected level of variation of change within Level III

ecoregions, we determined that between 25 and 48 sample units
were likely sufficient to identify change in each ecoregion.

The land cover classes used in the study are described in Table 1.
The agriculture class encompasses cropland, intensive cultivated
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Table  1
Land cover classifications and descriptions used in the study.

Land cover class Description

Open water Persistently covered with water, including streams, canals, lakes, reservoirs, bays, and ocean.
Developed (urban and built-up) Intensive use where much of the land is covered by structures or anthropogenic impervious surfaces (residential,

commercial, industrial, roads, etc.); and less-intensive use where the land-cover matrix includes both vegetation and
structures (low-density residential, recreational facilities, cemeteries, utility corridors, etc.); and including any land
functionally related to urban or built-up environments (parks, golf courses, etc.).

Agriculture (cropland and pasture) Land in either a vegetated or unvegetated state used for the production of food and fiber, including cultivated and
uncultivated croplands, hay lands, pasture, orchards, vineyards, and confined livestock operations. Forest plantations
are  considered forests regardless of their use for wood products.

Forest and woodland Non-developed land where the tree-cover density is >10%. Note cleared forest land (i.e. clear-cuts) is mapped
according to current cover (e.g. mechanically disturbed or grassland/shrubland).

Grassland/shrubland (including rangeland) Non-developed land where cover by grasses, forbs, or shrubs is >10%.
Wetland Land where water saturation is the determining factor in soil characteristics, vegetation types, and animal

communities. Wetlands can contain both water and vegetated cover.
Mines and quarries Extractive mining activities with surface expression, including mining buildings, quarry pits, overburden, leach,

evaporative features, and tailings.
Barren Land comprised of soils, sand, or rocks where <10% of the area is vegetated. Does not include land in transition

recently cleared by disturbance.
Mechanically disturbed Land in an altered, often unvegetated transitional state caused by disturbance from mechanical means, including
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Non-mechanically disturbed Land in an altered, often unvege

fire, wind, flood, and animals.

asture, and associated uses including confined feeding opera-
ions and structures. Rangelands, which are extensively managed
s predominately natural ecosystems though they may  be used for
ivestock grazing, are included in the grassland/shrubland class.
orest is defined as areas with at least 10% tree cover, with trees at
east 2 m in height. Developed lands include built-up areas, roads,
nd maintained corridors that meet the minimum mapping unit
f 60 m.  Fieldwork was also conducted to document contemporary
and use types in each of the 16 Great Plains ecoregions and provides
n extensive library of geo-referenced field photographs.

Summary statistics of land cover change rates, types, and extent
ere calculated for each of the four time intervals. A temporal

nterval of 6–8 years captures a wide variety of change includ-
ng successive land conversions such as land clearance followed
y abandonment, cyclic brush clearance and regrowth, as well as
nidirectional land cover transitions such as the conversion of crop-

and to urban uses. This approach provides clear evidence of the
eographic variability of land conversion processes.

esults

reat plains land-cover change

Overall, an estimated 7.8% (±1.5) of the greater Level I Great
lains ecoregion changed between 1973 and 2000, including 1.6%
hat changed multiple times. Most of the multiple changes involved
t least two exchanges between crop agriculture and grassland
t the same location. This occurred, for example, when cropland
as converted to grassland cover after enrollment in the CRP and
as subsequently converted back to cropland when the contract

xpired, but it also occurred as a grassland-to cropland-to grass-
and sequence. Wetland fluctuations, including exchanges between

etland and water, also contributed to the amount of multiple
hanges.

The rate of land-cover change increased substantially during the
atter two time intervals (1986–1992; 1992–2000), more than dou-
ling from a low of 1.6% during the 1980–1986 interval to a high of
.6% during the following 1986–1992 interval (Table 2). The tran-

ition occurred as an economic slowdown during the late-1970s
nd early-1980s met  the change in federal farm policy beginning in
985 that set a goal for substantial conversion of erodible croplands
o permanent grassland cover through the CRP.
aping, chaining, reservoir drawdown, and other human-induced clearance.
 transitional state caused by disturbance from non-mechanical means, including

Grassland and agriculture are the most extensive land cover
types and together account for approximately 89% of the land cover,
although the extent of each differs through time (Table 3). Agri-
culture expanded between 1973 and 1980 with smaller increases
between 1980 and 1986, but declined thereafter as grassland
became the dominant land cover. There were also small gains in
developed land and open water. Grassland became the most exten-
sive land cover by 1992, which continued through 2000. Grassland
increases affected 1.8% of the region, but caused a 4.0% expansion
of the grassland sector, which is the extent of increase in grassland
cover between 1973 and 2000. Agricultural declines affected 2.2%
of the ecoregion, which was  a 4.7% decline in that sector. In contrast
to a large extent of gross exchanges between grassland and agricul-
ture that led to the substantial net changes in land cover, developed
lands had small relatively steady increases at each time step. The
expansion of urban areas and other development affected 0.4%
of the region and was a 37.2% sector increase. Other cover types,
which individually are a small part of the total land cover but are
important to biodiversity and ecosystem services, comprise nearly
10% of the region when combined. However, the overall changes
between 1973 and 2000 obscure the differential characteristics of
land change that occur in the individual ecoregions.

Rates and types of change within ecoregions

The total extent of land-cover change between 1973 and 2000
varies widely among the ecoregions (Table 4). For example, Lake
Agassiz (1.4%) and the Western Corn Belt (3.2%), two areas of inten-
sive agriculture, have a relatively low overall extent of change. The
Flint Hills (2.2%) and the Nebraska Sand Hills (4.2%), both with large
amounts of productive rangeland and geologic and soil conditions
not conducive to crop agriculture due to rocky soils and stabilized
dunes, respectively, also have relatively low amounts of change.
The lower rates of change suggest a state of equilibrium and are
one indication that the highest and best agricultural uses are likely
sustained as persistent land cover in these ecoregions. This con-
trasts with relatively unstable and fluctuating patterns of change
in the southern and western plains. The Northwestern Glaciated
Plains (13.6%), an ecoregion in a transitional location between the

relatively flat cropland to the east and the broken semi-arid North-
western Great Plains to the southwest, has the highest amount of
overall change. As a transitional ecoregion, it may have less chance
to reach a state of land-use and land-cover persistence, as it may
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Table 2
Estimated rate of change for four time intervals and associated error at an 85% confidence interval (CI) for the greater Level I Great Plains ecoregion. Average annual rate of
land  change is included for the four time intervals.

Rate of change (%) Total area (km2) 85% CI (±) Standard error Relative error Average annual (%)

Estimated rate of land cover change in the Great Plains, 1973–2000
1973–1980 1.9 41,420 0.2 0.1 6.2 0.3
1980–1986  1.6 35,780 0.2 0.1 6.8 0.3
1986–1992  3.6 77,890 0.3 0.2 6.6 0.6
1992–2000  3.1 67,400 0.3 0.2 5.8 0.4

Table 3
Estimates of total area of each land cover type for the five dates of the study and summaries of change between 1973 and 2000. Ecoregion area change is the percentage of
the  total area of the Level I Great Plains ecoregion affected by land cover change. Sector change is the extent of change between 1973 and 2000 for each land cover type.

Land cover Estimated area (%) and 85% confidence interval 1973–2000 change totals

1973 1980 1986 1992 2000 Ecoregion area
change

Sector
change

Area change
(km2)

Area 85% CI Area 85% CI Area 85% CI Area 85% CI Area 85% CI

Estimated area of land cover types and total change, 1973–2000
Water 1.8 0.5 1.8 0.5 1.8 0.5 1.8 0.5 2.0 0.5 0.2 13.6 5315
Developed 1.1 0.2 1.2 0.2 1.3 0.2 1.4 0.2 1.5 0.2 0.4 37.2 8970
Mechanically disturbed 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.0 0.0 122.5 785
Mining 0.1 0.0 0.1 0.0 0.1 0.0 0.1 0.0 0.1 0.0 0.1 116.7 1340
Barren  0.6 0.3 0.6 0.3 0.6 0.3 0.6 0.3 0.6 0.3 0.0 −0.3 −35
Forest  5.4 0.4 5.3 0.4 5.3 0.4 5.3 0.4 5.3 0.4 −0.1 −2.5 −2925
Grassland/shrubland 43.3 1.7 42.8 1.7 42.7 1.7 44.8 1.6 45.0 1.6 1.8 4.0 38,260
Agriculture 45.9 1.7 46.3 1.7 46.4 1.7 44.2 1.7 43.7 1.6 −2.2 −4.7 −47,540
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Wetland 1.8 0.2 1.8 0.2 1.8 0.2 

Nonmechanically disturbed 0.1 0.1 0.0 0.0 0.0 0.0 

e more affected by climate variability, shifts in farm policy, and
echnology. The semi-arid, heavily irrigated Western High Plains
11.6%), which also has a substantial amount of dryland agricul-
ure, and the wetter, fertile, and densely populated Texas Blackland
rairies (11.1%) also have relatively high amounts of change.

Multiple changes that occur in the same location during more
han one time interval indicate land systems with environmen-
al or socioeconomic conditions that cause land use and cover
o fluctuate. Multiple changes in the Southern Texas Plains (4.7%
f the ecoregion) are caused primarily by cyclic brush clearance.
and uses, including livestock grazing, may  have persisted while

anchers periodically cleared the overgrown land cover to improve
orage. Whereas the relatively high rate of multiple changes in
everal western ecoregions (Northwestern Glaciated Plains, North-
estern Great Plains, Western High Plains) results from expansion

able 4
he total footprint of change from 1973 to 2000 for the individual Level III ecoregions, 

ootprint of change is a measure of the total area of ecoregion conversion during the stud
ay  have changed.

Level III ecoregion Total change 

% km2

Total footprint of change in Great Plains ecoregions, 1973–2000
Lake Agassiz Plain 1.4 580
Flint  Hills 2.2 600
Western Corn Belt Plains 3.2 6985
Nebraska Sand Hills 4.2 2520
Edwards Plateau 5.5 3230
Central OK/TX Plains 6.5 6690
Central Irregular Plains 7.2 8870
Northwestern Great Plains 7.4 25,720
Northern Glaciated Plains 7.5 10,565
Central  Great Plains 8.2 22,480
Southwestern Tablelands 8.8 14,010
Western Gulf Coastal Plain 10.4 8450
TX  Blackland Prairies 11.1 5620
Western High Plains 11.6 33,410
Southern Texas Plains 11.9 6520
Northwestern Glaciated Plains 13.6 21,800
1.8 0.2 1.7 0.2 −0.1 −7.9 −3120
0.0 0.0 0.0 0.0 −0.1 −75.5 −1050

and contraction of cropland that is influenced by economic condi-
tions, drought, and federal set-aside programs.

Rates of change for the individual ecoregions during the
four time intervals varied considerably (Fig. 2A). The rates were
lower and more spatially uniform during the earlier intervals
(1973–1980; 1980–1986) when most ecoregions had rates below
0.5%, except in the south. The range of rates was greater during each
of the latter two intervals, and was generally at or near its highest
rate for individual ecoregions during the 1986–1992 interval. Some
of the highest rates of change during the latter two  intervals were
in the drier western plains.
The most extensive type of land conversion also varied during
the study period, although there is a cohesive spatial pattern dur-
ing each interval (Fig. 2B). Many different conversions ultimately
determine the direction of change for the individual land cover

including the extent of each ecoregion that underwent two or more changes. The
y period regardless of the number of times that the land cover at a given location

85% CI (±) Area of multiple change (%)

 0.4 0.2
 0.5 0.3

0.8 0.6
 1.5 0.8
 1.2 0.8
 1.2 0.9
 2.0 0.7

 2.0 2.2
 1.4 1.5
 1.4 1.1
 2.3 1.4

 2.3 2.5
 2.6 1.1

 2.4 2.1
 2.5 4.7

 2.2 3.4
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prices, farm income, and farmland values (Stam and Dixon, 2004).
Millions of acres of cropland were added in the northern Great
Plains in the 1970s as farmers were encouraged to plant from fence
row to fence row following a period of declining farmland acreage
ig. 2. (A) The annual rate of change for each time interval, in %. (B) The leading t
g  = agriculture; For = forest; MD = mechanically disturbed; Wet  = wetland; Dev = de

ypes; however, the leading type of change in each ecoregion indi-
ates the most extensive type of gross conversion occurring during
ach time interval. Between 1973 and 1980, grassland/shrubland
o agriculture was the leading conversion for much of the Great
lains, indicating the effects of favorable economic conditions,
olicies, and increasing use of center-pivot irrigation technologies
hat effectively expanded the area of highest and best use. Land
hange in the eastern flank of the region varied. Here, urbanization
ccurred on agricultural land, as well as the conversion of agricul-
ure and forest to grassland farther south. In the Western Corn Belt,
n estimated 300 km2 of agriculture was urbanized between 1973
nd 1980, and another 730 km2 was added by 2000. The develop-
ent of land cover in the Lake Agassiz Plain, which is the other

coregion that had agriculture to developed as its leading type of
hange, a relatively stable ecoregion overall, was actually quite
mall at less than 25 km2. The number of ecoregions with agri-
ulture to grassland conversion as the leading change increased
uring each time interval until nearly dominating the entire Plains
egion during the 1986–1992 CRP period. The conversion to grass-
and relaxed between 1992 and 2000, and reversed in several of
he central plains ecoregions. The Northern Glaciated Plains ecore-
ion continued to see conversions to grassland; however, wetland
nundation and the expansion of lakes were more prevalent.

emporal land change

Land-use and land-cover changes progressed at an uneven pace,
ith temporal pulses of change that relate to several key driv-

ng forces. Between 1973 and 1980, agriculture expanded at the
xpense of grassland (Fig. 3) when economic opportunities for
verseas exports increased and public policies and price sup-
orts encouraged farmers to expand. A substantial amount of the

ncrease occurred as center pivot irrigation and grain production

xpanded to take advantage of relatively inexpensive groundwa-
er from the High Plains Aquifer. Concentrations of large confined
eeding operations and intensive feed corn production, and in some
reas meat-packing plants, created centers of intensive agricultural
 gross land cover conversion during each time interval. GS = grassland/shrubland;
ed.

production that transformed the semi-arid Western High Plains
(Harrington et al., 2003, 2009). Expansion of agriculture also
occurred in several other ecoregions (Table 5), although at a lower
rate. The increase is related to the economic and political climate of
the early 1970s that encouraged farmers to expand production in
an effort to benefit from strong export opportunities, commodity
Fig. 3. Estimated net land cover change by time interval for the greater Great Plains
region.
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Table 5
Total ecoregion area affected by expansion (gray) and decline (white) of agriculture across the four time intervals of the study.

Level III ecoregion 1973–1980 1980–1986 1986–1992 1992–2000 Total

Agricultural land cover change by ecoregion, 1973–2000
TX Blackland Prairies −1.1 −1.3 −1.7 −1.4 −5.6
Central Irregular Plains −0.3 −0.6 −1.2 −1.0 −3.0
Western Corn Belt Plains −0.2 −0.2 −1.2 −0.5 −2.1
Flint  Hills −0.1 0.0 −0.3 −0.3 −0.7
Lake  Agassiz Plain 0.0 0.1 −0.4 −0.2 −0.6
Central OK/TX Plains 0.0 −0.3 −0.4 −0.0 −0.7
Western Gulf Coastal Plain 0.1 −0.4 −0.4 −0.4 −1.0
Northern Glaciated Plains 0.1 −0.2 −0.8 −1.1 −2.0
Southwestern Tablelands 0.2 −0.1 −1.5 −0.4 −1.8
Northwestern Great Plains 0.3 0.6 −1.9 −0.8 −1.8
Edwards Plateau 0.3 0.1 −0.1 0.3 0.6
Southern Texas Plains 0.7 0.5 −0.4 0.3 1.0
Central Great Plains 0.8 0.1 −1.5 0.0 −0.6
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Northwestern Glaciated Plains 0.9 0.
Western High Plains 1.4 0.
Nebraska Sand Hills 1.6 0.

hat began in the 1930s (Hargreaves, 1993). The large 1972 grain
urchase by the former Soviet Union facilitated the higher com-
odity prices and the resulting expansion of cropland (Conklin,

008). The few ecoregions with significant declines during this time
ere primarily caused by the countervailing forces of urban growth

nd development, particularly in the Texas Blackland Prairies, as
ell as a few pockets of abandonment of farming activities.

Although the real price of farmland had the fastest decadal rate
f increase on record during the 1970s, the years between 1981
nd 1986 had the steepest declines on record as farmland values
ropped by nearly 10% annually (Lindert, 1988). Export markets
lso contracted and domestic farm input prices and interest rates
ose, leaving many farmers in financial distress (Stam and Dixon,
004). Between 1980 and 1986, the overall amount of net land
hange was at a near standstill. A few ecoregions continued to
xpand the agriculture base, while trends of urbanization on agri-
ultural land, as well as abandonment of farming activities, caused
he overall regional rate of expansion to slow considerably. There
as also a small increase in the extent of surface water that caused

ocal declines in agriculture, caused by the pace of water impound-
ent and by a climate-driven lake expansion in the Northern
laciated Plains (Todhunter and Rundquist, 2004).

Overall, 1986–1992 had the most change, caused when a sub-
tantial amount of cropland on marginal land was converted to
rassland cover. All ecoregions had a net loss of agricultural land
over during this interval. Much of the conversion to grass was
riven by the economic incentives of the CRP that also aided with
he problems of overproduction spurred by the export opportuni-
ies and agricultural productivity increases of the 1970s (Riebsame,
990). Indeed, the eventual complications caused by too much
rain and the related price declines that are linked to the earlier
ence row to fence row cropland expansion was likely a significant
riving factor behind the size and scope of the CRP (Hargreaves,
993). The CRP had its largest effect on land-cover conversion in the
estern High Plains and Northwestern Glaciated Plains, although

t was spread among many ecoregions. Some cultivated lands may
ave been abandoned due to economic hardships as difficult finan-
ial times continued for many farmers. The implementation of the
RP, post-1985, along with other forms of abandonment between
986 and 1992, had the greatest single net effect on land-cover
hange in the Great Plains during the entire study period.

Between 1992 and 2000, the conversion to grassland continued
t a much slower pace as the CRP matured. Agriculture declined

verall in the Great Plains region and the extent of grassland cover
ncreased. Some ecoregions maintained high gross rates of change
s spatial changes in the location of cropland and CRP occurred,
ut resulted in relatively low net rates of agricultural decline.
−4.5 −0.3 −3.7
−7.3 −0.3 −5.8
−0.4 0.1 1.5

Also referred to as swap, this is an underused measure of land
change (Pontius et al., 2004). Spatial exchanges between agricul-
ture and grassland occurred as CRP contracts expired and the fields
were returned to crop production while other cropland was newly
enrolled in the program. For example, approximately 63% of land
that left the program by 1997 was  returned to crop production
and another 31% was used for livestock grazing (Sullivan et al.,
2004). In some areas, slippage, an unintended consequence of land
use policy, may  have occurred as farmers opened up new areas
for cultivation to replace other lands that were enrolled in the
CRP; although, slippage may  have primarily occurred at the start
of the CRP program rather than with later enrollment or renewals
(Leathers and Harrington, 2000). A few ecoregions had small net
increases in agriculture, although it had little effect on the overall
direction of land-cover change in the Plains. Water impoundment
and lake expansion (Northern Glaciated Plains) caused an even
larger spike in the extent of surface water than earlier periods.
Urbanization continued to be a factor in a few ecoregions.

Major processes of change

The most extensive land-cover changes between 1973 and 2000
occurred as a result of several major processes (Fig. 4). Region-wide,
conversions from agriculture to grassland resulted in the largest
net change of more than 41,000 km2 of land. Much of the conver-
sion occurred in the drier, western reaches of the region where the
CRP had a substantial effect, including the Western High Plains,
Northwestern Great Plains, and the Northwestern Glaciated Plains.
These ecoregions averaged a combined approximately 45,000 km2

of CRP between 1990 and 2000 (US Department of Agriculture
[USDA], 2010). Similar, but less extensive, trends occurred in the
more-humid northeastern ecoregions (Northern Glaciated Plains,
Lake Agassiz Plain, Western Corn Belt Plains, and Central Irregular
Plains). Other ecoregions, including the Central Great Plains that
stretches between central Nebraska and central Texas, had a nearly
even exchange between agricultural land cover expansion and con-
version to grassland that resulted in a net change of near zero when
observed across the entire study period. Agricultural expansion at
the expense of grassland was  more extensive during all periods
in the Central Great Plains ecoregion except the 1986–1992 period
that covers the initial CRP enrollment. Land that is marginally suited
to growing crops may  also sit idle or fluctuate between dryland

crops and rangeland depending on commodity price supports and
other subsidies, as well as on the patterns of climate variability and
drought. This may  have resulted in some temporary or long-term
conversions away from cropland. Overall, the effect of the CRP on
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Fig. 4. The seven most extensive processes of change in land use and land cover,
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in ecoregions within or near the eastern periphery of the Great
973–2000. “Other Types” of cyclic brush/forest clearance refers to land that
emained in a state of clearance during two consecutive time intervals.

and conversion underscores the role that federal policy plays as a
river of change in the plains.

Urbanization and other dispersed development is a primary
athway of change in a small subset of ecoregions, although it also
ad a small but pervasive effect, causing a slow rate of conversion
cross most ecoregions. Nearly 9000 km2, primarily of agriculture
nd grassland/shrubland, was estimated as converted to devel-
ped land between 1973 and 2000. While many rural areas lost
opulation, the built-up areas of towns and settlements do not
enerally contract, whereas expansion of infrastructure or popu-
ation growth around larger towns causes a low rate of change in
he ecoregions. The leading ecoregions for increased development
ere located in the eastern and southern portions of the greater

evel I Great Plains ecoregion and had a denser settlement pattern
han the mostly rural ecoregions, which are generally sparsely pop-
lated and only occasionally punctuated with urban centers or are

acking any large cities. For example, Denver and other Colorado
ront range cities have urban growth trends that cause local effects
ithin the Western High Plains and Southwestern Tablelands, but

he changes affect only a small fraction of the overall area of the
coregion. The Texas Blackland Prairies, with the Dallas-Austin-San
ntonio axis of major metropolitan areas, had the highest rate of
evelopment, primarily on agricultural land (2.3% of the ecoregion)
nd grassland (1.2% of the ecoregion). Other leading ecoregions for
onversions to development included the Central Great Plains, the

estern Cornbelt, and the Central Oklahoma/Texas Plains. Urban
rowth and development was likely affected by several alternating
conomic expansions and contractions, including the early 1980s
ecession and the overall economic prosperity during the 1990s.
igher gains in developed land during the 1973–1980 interval may

ave been augmented by completion of the original Interstate high-
ay system and the improving Texas energy economy after the

973 Mideast oil embargo.
 Policy 29 (2012) 710– 723

The cyclic clearance of brush and forest, which caused nearly
7000 km2 of land change, generally occurs in southern areas of
scrubby vegetation including areas of mesquite, juniper, and scrub
oak that stretch from the Central Irregular Plains to southern Texas.
While many of these areas may  be in pre-settlement vegetation
cover types, an unknown extent is from invasion that is facilitated
by climate and land-use change (Wessman et al., 2004). Climate
change and variability, increased atmospheric CO2 concentration,
nitrogen deposition, fire suppression, and livestock grazing pres-
sures are likely the main contributors to woody expansion onto
perennial grasslands (Mitchell, 2000; Briggs et al., 2005). Land is
subsequently cleared to improve grazing for livestock, increase the
amount of open areas for commercial game hunting, and manage
for water flow objectives. Brush is often cleared with machinery
and in some cases by chemical applications or burning. The practice
is also encouraged and subsidized by state and other institutions
(Tennesen, 2008).

Wetland changes of nearly 4000 km2 were located in the
northern plains and along the Gulf Coast. These sub-regions are
well-known wetland locations; the northern plains have the con-
tinental prairie potholes and the coastal plain has various types
of fresh, brackish, and saltwater wetlands. Substantial long-term
increases in precipitation since 1993 led to the flooding of wet-
lands and the formation of larger closed-basin lakes in the northern
glaciated ecoregions, such as a threefold increase in open water
area for Nelson County in eastern North Dakota that caused sub-
stantial areas of agricultural land to be taken out of production
(Todhunter and Rundquist, 2004). The Northern Glaciated Plains
was  the leading ecoregion for agriculture to wetland change. Its
southerly neighbor, the Western Cornbelt, an ecoregion that histor-
ically had been part of the prairie potholes before massive wetland
drainage for farming during the later 19th and early 20th cen-
turies, still possessed some wetland landscape characteristics that
influenced this type of change, although it was only a fraction
of the process occurring in the less-drained Northern Glaciated
Plains. These results indicate that climate variability became a
direct factor of land change particularly during the 1992–2000
interval as precipitation increased and the area switched from a
Palmer Hydrological Drought Index of extreme drought in 1991
to extreme wet  conditions by 2001 (Todhunter and Rundquist,
2007). Climate variability and drought are often direct, as well
as indirect, factors of change throughout the Great Plains, both
regionally and temporally. The direct changes here, among water,
wetland, and agriculture, were caused by pulses of drought and
deluge.

Water impoundment and other surface water changes (approx-
imately 1700 km 2), except wetland inundation, are primarily
driven by water storage needs for agriculture and drinking water,
as well as for flood control, recreation, and navigation. There
is concern that many western plains reservoir-levels are declin-
ing due to climate change and groundwater use (Brikowski,
2008); however, similar concern for declining water availabil-
ity could cause additional reservoirs to be constructed. This
is counterbalanced by efforts to promote water use efficiency
and an assumed decline in suitable sites for new reservoir
construction.

Mining, which includes surface mines and quarries as well as oil
and gas development, had small increases (1360 km2). However,
most energy related footprints including oil and gas pads, with net-
works of roads, pipelines, and other associated elements, did not
meet the minimum mapping unit of 60 m.

Forest clearance for agriculture (1065 km2) tended to be found
Plains, including the Central Irregular Plains, the Texas Blackland
Prairies, and the Western Gulf Coastal Plain. Overall, there was  a
small net loss of forest cover.
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Fig. 5. The relationship between land quality for use as cropland and the total footprint of land change from 1973 to 2000. Major processes of change, or stability, are shown in
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bluestem prairie for later purchase by commercial cattle interests
for livestock grazing (Kollmorgen and Simonett, 1965). The Sand
Hills had a small amount of crop increase, mostly between 1973
lue.  Land quality was averaged for each Level III ecoregion using the NRCS Land Cap
he  pathways of change are expected to relate to four general land use regimes: rang

onceptualizing land change and human–environment dynamics

There is not a single profile of land change that fits all the
reat Plains ecoregions. Instead, there is significant geographic
ariability as land use systems are adapted to the limitations
nd enabling factors of climate and biophysical resources. Land
hange is further exaggerated by population, economic, techno-
ogical, and political driving forces, and by the legacy patterns of
ettlement and tradition. To conceptualize the variability of land
hange, we discuss human–environmental systems as they relate
o four generic modes of land use potential (Fig. 5). The conceptu-
lization is dependent on regionally averaged land quality (Natural
esources Conservation Service [NRCS], 2000), as well as the rates
f land-cover change that suggest differential characteristics of land
ystems.

A picture of Great Plains land cover includes not only gross and
et changes, but also persistent agriculture (Fig. 6). Measures of
ersistence across time intervals help to identify regional land use
ystems that may  be well adapted to the available natural resources
r otherwise resilient to the forces of change. Overall, the extent of
ersistent agriculture in the greater Great Plains region declined
y approximately 3%; from an estimated 45.7% between 1973 and
980 to 42.7% between 1992 and 2000. Many of the individual
coregions had a similar pattern of decline, although the range of
hange and the total area of persistence were quite variable.

Rangeland systems tend to have soil or topographic constraints
hat limit cultivation, and offer low potential for land change in the
bsence of other types of land-use pressure, such as urbanization.
articularly in the western half of the Great Plains, they tend to be
n sandy, shallow soils, while croplands utilize alluvial soils (Burke

t al., 1993). Low human populations, long-established agricultural
raditions, and extensive grazing practices create a low-intensity
and system. The Flint Hills and Nebraska Sand Hills are examples
f low-changing, persistent grassland systems where large tracts of
y Classification (NRCS, 2000). Full ecoregion names are given in Fig. 1. Conceptually,
, marginal cropland, prime cropland, and regions of greater land change complexity.

tallgrass and midgrass prairie, respectively, still remain. The Flint
Hills also has a substantial amount of agricultural land in the deeper
lowland soils that was  relatively low changing between 1973 and
2000. Upland grazing environments are expansive enough to sup-
port controlled burning of pasture that improves forage for cattle
but also maintains the grassland ecosystem. The Flint Hills is one
of the most stable land systems when compared to other ecore-
gions. This may  be due in part to distinct ownership patterns that
saw early settlers choose bottomland farming sites, leaving upland
Fig. 6. Percentage of agricultural land cover (which excludes rangeland) that per-
sisted during each of four time intervals, by ecoregion. The greater Great Plains (GP)
ecoregion is included. Abbreviations refer to those used in Fig. 1.
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nd 1980 when agricultural expansion was more common in other
coregions as well. Rangeland ecoregions with shrubland and forest
ystems, where woody vegetation is periodically cleared to create
pen areas for livestock grazing, have higher rates of land cover
hange and only a limited amount of persistent agriculture.

Marginal systems have higher rates of agricultural land use fluc-
uation that are enabled by the intersection of significant physical
onstraints to agricultural production, occasional cropland expan-
ion driven by economic opportunities and technological advances,
nd targeted socioeconomic drivers of land-use change such as
and retirement policies. Climate variability and drought, interact-
ng with socioeconomic and technological factors, drives various
daptations to conditions and an increase in land change. The
estern High Plains is underlain by the large High Plains Aquifer

hat enables intensive feed grain production and confined feeding
perations. Declining water tables cause some de-intensification
f land-use (Nellis et al., 1996; Wu  et al., 1999; Kettle et al., 2007)
nd likely play a role, along with dryland agriculture fluctuations,
n the cropland conversions to grassland and CRP land cover in the
coregion. During the early years of center pivot expansion, up to
he mid-1970s, natural gas prices were low, allowing for inexpen-
ive irrigation, and facilitated some marginal cropland expansion
hat was perhaps followed by a more-dispersed regional pattern
f abandonment. The Northwestern Great Plains and Southwest-
rn Tablelands, with large expanses of shortgrass steppe rangeland
nd relatively small amounts of permanent cropland, also have
ubstantial amounts of change as marginal croplands fluctuate. In
eneral, these land systems are characterized by crop expansion
uring profitable times and land retirement when economic and
limate conditions decline. The Southern Texas Plains, a rangeland-
rush system, had the highest rate of change compared to other
coregions with lower land quality. Overall, federal farm policies
hat include the historical and current use of the CRP are a signif-
cant factor in the declines of agricultural land cover on marginal
and in the Great Plains. Local and state policies and incentives that
ncourage brush management may  also contribute to rates of land
hange in the southern rangeland-brush system.

Prime cropland systems have soils and conditions that allow
or persistent cultivation. In the most extreme, 80–90% of the Lake
gassiz and Western Corn Belt ecoregions are covered with inten-
ive permanent agriculture. Lake Agassiz, with its level topography
nd good soil, is more stable. The Western Corn Belt has some
imited pressure from urbanization and development, but this is
mall in total area impact. Land use systems are organized around
igh-quality cropland, with a historical background of substantial
nthropogenic transformation of the natural ecosystems through
rainage of wetlands and the nearly wall-to-wall cultivation. Con-
emporary land cover change is expected to be relatively low unless
here are significant future non-agricultural land-use pressures to
ause a higher rate of land change, although conversion of the rel-
tively small amount of CRP land back to corn production would
ave an effect on ecosystem services. A moderate rate of cropland
bandonment in the Central Irregular Plains, centered on northern
issouri, may  be an indication of a future shift from stability to

reater complexity of change, which may  be partly tied to topo-
raphic irregularity that tends to increase the amount of marginal
and uses.

Complex land systems are characterized by high rates of change.
and quality is generally good, however there are factors other
han typical agricultural drivers that take hold and cause substan-
ial land change. Urbanization is a competing land use that adds
omplexity by introducing new driving forces and different path-

ays of change, such as agriculture to grassland to urban transition

n the Texas Blackland Prairies. Climate variability is a factor in
he Northern Glaciated Plains where deluge caused lake expan-
ion and wetland fluctuation. The Northwestern Glaciated Plains
 Policy 29 (2012) 710– 723

has a mix  of conditions, including areas of highly erodible soil
and marginal land fluctuation. Overall, urban and exurban growth
and climate events had a marked effect on the land-cover change
profile.

How dynamic and varied are the changes in the plains?

A large part of the Great Plains is in persistent, stable land cover.
However, there is a certain amount of elasticity and resilience of
agricultural land use that is an important part of the land sys-
tems. There is also a diversity of rates, processes, and causes of
land change affecting the individual ecoregions.

Regional differences in the rates and types of land-use and
land-cover change are the result of contrasting environmental
and socioeconomic characteristics. High-value, high-quality agri-
cultural lands have a historical legacy of enduring use, and tend
towards stability. Lands with substantial biophysical constraints
can undergo substantial change when pushed by socioeconomic,
climate, or biophysical forcing factors. However, there is a high
degree of variability, such that change is not uniform across the
Plains or across time. The rates and processes of land change, and
stability, vary substantially depending on the unique regional land
use regime that is tied to biophysical resources and affected by
the degree of climate variability and change. High change in the
brush region, where cyclic clearance of woody vegetation causes
substantial land change, is different from high change in the semi-
arid and central plains, with marginal cropland fluctuations. Low
change in the Flint Hills and Sand Hills rangelands, where livestock
grazing arguably plays a significant role in either altering or main-
taining those ecological systems, is different from low change in
the densely cropped Western Corn Belt, except that these regions
have reached some degree of land cover stability.

The regional variability of the characteristics of change suggests
that the Plains should not be thought of as a uniform agricultural
region, in part because this would undermine the ability to assess
how differing land use systems have the potential to be either win-
ners or losers as a result of climate change. Projections of a future
rise in mean surface temperatures and a less predictable hydro-
logic cycle may  result in more land-use and land-cover fluctuation
and possible impacts to the extent of permanent agriculture in
some ecoregions. The substantial amounts of fluctuation in land
use, which are short-term changes, are a consequence of climate
variability and change and land quality, but are exaggerated by gov-
ernment policies and global markets. This suggests that the Great
Plains is vulnerable to change that might be exacerbated or miti-
gated by socioeconomic conditions, including a projected increase
in the global demand for agricultural products (FAO, 2009). Parts
of the Great Plains are more likely to undergo additional change
than others, which was  probably established a century earlier and
is reflected in agricultural settlement history. Biophysical under-
pinnings determine the conditions for land change and resilience,
and these results suggest how socioeconomic factors may  amplify
or dampen the characteristics of change.

Overall, Lake Agassiz and Flint Hills are the most stable
ecoregions, based on low rates of cropland change and persis-
tent land-use traditions. The Northwestern Glaciated Plains and
the Southern Texas Plains have the highest rates of land cover
change. Prolonged groundwater mining for intensive irrigation also
presents conditions of future risk. Some of this is seen in land retire-
ment, abandonment, and short-term land-use fluctuations in the
Western High Plains where groundwater pumping exceeds natural
recharge rates. In some cases, transitions may  indicate a decline in

land rent, including current trends in the most depleted areas of the
High Plains Aquifer region that suggest farmers may  switch from
water-intensive corn production to less water-intensive crops in
order to maximize profits under changing conditions.



d Use

s
t
t
t
t
g
o
o
n
m
e
o
H
g
i
m
c
t

e
u
w
l
e
r
r
d
c
a
l
h
p
p
u
a
d
p
e

t
f
l
a
c
d
c
l
p
c
b
n
e
t
p
f

a
m
c
i
t
c
l
c
c

M.A. Drummond et al. / Lan

Although much of the Plains agricultural production, which
erves national and international markets, may  be decoupled from
he classic von Thünen model of a declining land rent gradient as
he distance to city center increases, particularly when transporta-
ion costs are low, there are other patterns within the land system
hat relate to accessibility. This is seen in the co-location and inte-
rated production of irrigated feed corn, large confined feeding
perations, and meat-packing plants that overlay deep reserves
f High Plains Aquifer groundwater and surround successful eco-
omic centers like Garden City, Kansas. Although the potential rent
ay  be higher around these centers, similar to a land rent gradi-

nt, the regional pattern of groundwater availability is likely one
f the more-important geographic drivers of land-use variability.
owever, drivers do not act solo. Increasing global demand for feed
rain for animal agriculture, national policy objectives, sustainabil-
ty objectives, and individual actors play important roles. Land rent

ay  be best described as a function of land quality, the macroe-
onomic factors of commodity prices, and human investment into
he land (Lindert, 1988).

In another example, metropolitan areas have surrounding veg-
table and specialty agriculture that can be adversely affected by
rbanization and spreading development, whether by transfer of
ater rights, loss of aesthetic value, or loss of prime local crop-

and. At the ecoregion scale, the pattern of urban growth, when
xamined alongside other land changes, does not exhibit a tight
egional coupling between urban and rural systems. In decoupled
egional systems, agriculture and urban expansion act indepen-
ently (Walker, 2001; Walker and Solecki, 2004). Regional-scale
hanges suggest that the net extent of agriculture declined over-
ll as large amounts of agricultural land transitioned to natural
and cover types such as grassland. This is likely indicative of a
ighly productive agricultural system that can afford to shed less-
roductive lands, and that is subject to macro-scale economic and
olicy factors. However, among the gross changes that were doc-
mented, there is conversion of grassland, forest, and wetland to
griculture. Some of these changes could be indicative of peri-urban
riven conversions that cause a loss of prime agricultural land and
ush local agriculture to cultivate new areas as urban populations
xpand.

Perhaps more indicative of the changes in the Plains is
he sequence of agricultural expansion prior to 1986 that was
ollowed by widespread conversion and abandonment to grass-
and/shrubland. The pattern and magnitude of these conversions
re influenced by the contextual conditions of land quality and
limate variability, as well as macro-scale economic and policy
rivers. Though economic considerations, climate conditions, or
ultural factors by themselves or in combination may  drive some
and owners to temporarily expand or abandon crop production,
olicy drivers often facilitate a greater extent and duration of
hange. Certainly, accessibility and distance from market could
e a factor in a few of the larger rural regions that lost sig-
ificant amounts of agriculture, although the magnitude of the
ffect is unclear. However, many of the ecoregions with substan-
ial marginal cropland also saw an early expansion when land
rices increased, overseas markets expanded, and policy conditions
avored expansion, suggesting otherwise.

Great Plains land cover also experienced temporal pulses that
ffected the overall region. These pulses had drivers based pri-
arily in changing economic situations, but also in cyclic climatic

onditions. Epochs such as the 1970s Russian grain deal, rising
nflation, the initiation of the CRP, economic expansions and con-
ractions, droughts and deluges, all impacted the region’s land

over over time. The temporal dynamics of change show that many
and-use systems continuously adapt to climate and biophysical
onditions, dependent on the socioeconomic drivers, land-use lega-
ies, and regional land-use traditions. Great Plains agriculture has
 Policy 29 (2012) 710– 723 721

historically proven to be resilient, and has developed in response to
a variable climate and resources base. The land changes discussed
here likely reflect that characteristic.

A regional-scale land-cover transition occurred as grassland
became the majority land cover and agriculture declined, although
with substantial variability among ecoregions. The agricultural
transition was  driven by policy, global and national economics,
technology, climate, and population and demographic move-
ments. As the late 20th century progressed, agricultural expansion
became less prevalent. As well, the earlier expansions were often
dwarfed by later declines driven by government policy. Given the
increases in agricultural productivity, a transition to grassland is
expected. Productivity increases caused by technological and scien-
tific advances allow for a decline in the extent of agriculture, which
has generally occurred since about 1950, and a perhaps a future
trending towards greater land-cover equilibrium. Future scenarios
of increased biofuel production, changes in farm and energy sub-
sidies, population growth, and changing global food demands may
diminish or reverse the transition.

The persistence, fluctuation, and regional patterns of expansion
and loss have many important socioeconomic and environmen-
tal consequences. In the context of climate change, if the regional
weather patterns become more varied and warmer and drier
in places, land cover fluctuations and declines in regions with
marginal agriculture may be amplified. Land systems that depend
on large amounts of water may also be significantly affected. Based
on these results, climate variability, interacting with socioeconomic
forces, drives a substantial amount of land change. Mitigation of
the negative consequences of global environmental changes, such
as the use of the CRP to restore ecosystem function, may  depend
on land management decisions that should benefit from ongoing
assessments of land change. The CRP relates to land quality and
manifests from policy and economic issues, and thus serves as a
good example of how regions respond to biophysical and socioeco-
nomic factors, illustrating the large effect that government policy
has on land-cover change.

Conclusions

We  have presented an analysis of Great Plains land change
that highlights several modes of land use, including persistent
agriculture, overall change at the ecoregion-level, and net change
in agriculture. By examining regional variability, this research
contributes to developing a stronger basis for understanding the
vulnerability, resilience, and sustainability of land systems in the
Plains. The interplay of human and environmental factors across the
landscape causes a considerable variability of land change rates,
types of conversion, and trajectories of change. In many regards,
the story and perception of change depends on whether refer-
ring to land-use regimes of the western semi-arid rangelands, the
intensively irrigated High Plains Aquifer region, the northeastern
fertile glacial plains, or the more-urbanized southeastern plains.
We dissect the geography of the Plains by examining regional
variation of land cover progression and the relationship to differ-
ential human–environmental dynamics. An ecoregion framework
provides an effective template for distinguishing generic land sys-
tems as well as for understanding the geographic variability of land
change in linked human–environmental systems.

The Great Plains ecoregions capture geographic characteristics
of land-use and land-cover change and persistence that help to
explain the socioeconomic and environmental dynamics that drive

land-change variability. A region with lower quality land or climate
limitations for growing crops, such as resulting in limited water
availability, has larger fluctuations, while regions of higher qual-
ity land and abundant resources are more stable. The extent and
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iming of fluctuations are enabled or constrained by the underly-
ng biophysical factors that are further amplified or dampened by
ocioeconomic interactions with the physical capacity of land and
limate.

Agricultural regions are of major concern for understanding the
inkages between land use, climate change and variability, and land

anagement challenges. Globally, agricultural land use expan-
ion has caused a net reduction of carbon stocks, natural habitat,
nd some environmental services, while also providing numerous
oods. Recent declines in agriculture in some developed nations
ay  lead to restoration of some of these services. However, link-

ges with climate change – and precipitation, temperature, and
eather variability – and population growth and increased demand

or agricultural products, including biofuels, further complicate
he future of agricultural ecoregions. In the United States Great
lains, one of the world’s major agricultural regions, land change
ariability shows distinct spatial and temporal variability, much
f which is attributable to diverse ecoregion-scale interactions
etween climate-biophysical factors and socioeconomic processes.

cknowledgements

We would like to acknowledge the funding and support received
rom the USGS Global Change Research and Development Program
nd Geographic Analysis and Monitoring Program.

eferences

riggs, J.M., Knapp, A.K., Blair, J.M., Heisler, J.L., Hoch, G.A., Lett, M.S., McCarron, K.,
2005. An ecosystem in transition: woody plant expansion into mesic grassland.
BioScience 55, 243–254.

rikowski, T.H., 2008. Doomed reservoirs in Kansas, USA? Climate change and
groundwater mining on the Great Plains lead to unsustainable surface water
storage. Journal of Hydrology 354, 90–101.

roadway, M.J., 1990. Meatpacking and its social and economic consequences for
Garden City, Kansas in the 1980. Urban Anthropology 19, 321–344.

urke, I.C., Kittel, T.G.F., Lauenroth, W.K., Snook, P., Yonker, C.M., Parton S W.J., 1991.
Regional analysis of the Central Great Plains. BioScience 41 (10), 685–692.

urke, I.C., Lauenroth, W.K., Parton, W.J., Cole, C.V., 1993. Interactions of land use
and ecosystem structure and function: a case study in the central Great Plains.
In: Likens, G.E., Groffman, P. (Eds.), Integrated Regional Models. Chapman and
Hall, New York, pp. 79–95.

ommission for Environmental Cooperation [CEC], 1997. Ecological Regions of North
America: Toward a Common Perspective. Commission for Environmental Coop-
eration, Montreal, 71 pp.

onklin, P.K., 2008. A Revolution Down on the Farm the Transformation of American
Agriculture Since 1929. The University Press of Kentucky, Lexington, KY, 223 pp.

unfer, G., 2005. On the Great Plains: Agriculture and Environment. Texas A&M
University Press, College Station, TX, 292 pp.

eFries, R.S., Foley, J.A., Asner, G.P., 2004. Land-use choices: balancing human
needs and ecosystem function. Frontiers in Ecology and the Environment 2 (5),
249–257.

ennehy, K.F., Litke, D.W., McMahon, P.B., 2002. The High Plains Aquifer, USA:
groundwater development and sustainability. In: Hiscock, K.M., Rivett, M.O.,
Davison, R.M. (Eds.), Sustainable Groundwater Development, 193. Geological
Society, Special Publications, London, pp. 99–119.

rummond, M.A., 2007. Regional dynamics of grassland change in the western Great
Plains. Great Plains Research 17, 133–144.

asterling, W.E., Crosson, P.R., Rosenberg, N.J., McKenney, M.S., Katz, L.A., Lemon,
K.M., 1993. Agricultural impacts of and responses to climate change in the
Missouri–Iowa–Nebraska–Kansas (MINK) region. Climatic Change 24, 23–61.

ood and Agriculture Organization of the United Nations [FAO], 2009. How to feed
the  world in 2050. In: Proceedings of the Expert Meeting on How to Feed the
World in 2050, 24–26 June 2009. FAO Headquarters, Rome, 27 pp.

allant, A.L., Loveland, T.R., Sohl, T.L., Napton, D.E., 2004. Using an ecoregion
framework to analyze land-cover and land-use dynamics. Environmental Man-
agement 34, S88–S110.

ebhart, D.L., Johnson, H.B., Mayeux, H.S., Polley, H.W., 1994. The CRP increases soil
organic carbon. Journal of Soil and Water Conservation 49 (5), 488–492.

lobal Land Project [GLP], 2005. Global Land Project Science Plan and Imple-
mentation Strategy. IGBP Report No. 53/IHDP Report No. 19. IGBP Secretariat,

Stockholm, 64 pp.

uo, L.B., Gifford, R.M., 2002. Soil carbon stocks and land use change: a meta analysis.
Global Change Biology 8, 345–360.

utmann, M.P., Parton, W.J., Cunfer, G.A., Burke, I.C., 2005. Population and environ-
ment in the US Great Plains. In: Entwisle, B., Stern, P. (Eds.), Population, Land Use,
 Policy 29 (2012) 710– 723

and Environment: Research Directions. National Academies Press, Washington,
DC, pp. 84–105.

Hargreaves, M.W.M., 1993. Dry Farming in the Northern Great Plains Years of Read-
justment, 1920–1990. University Press of Kansas, Lawrence, KS, 396 pp.

Harrington, L., Lu, M.,  Harrington, J., 2009. Fossil water and agriculture in southwest-
ern  Kansas. In: Yarnal, B., Polsky, C., O’Brien, J. (Eds.), Sustainable Communities
on  a Sustainable Planet, 269. Cambridge University Press, New York, p. 291.

Harrington, J., Goodin, D., Harrington, L., Kromm, D., White, S., 2003. Southwest
Kansas: local emissions and non-local determinants. In: Abler, R. (Ed.), Global
Change in Local Places: Estimating, Understanding, and Reducing Greenhouse
Gases, 57. Cambridge University Press, New York, p. 78.

Harrington, L., Lu, M.,  2002. Beef feedlots in southwestern Kansas: local change,
perceptions, and the global change context. Global Environmental Change 12,
273–282.

Hart, J.F., Mayda, C., 1998. The industrialization of livestock production in the United
States. Southeastern Geographer 38 (1), 58–78.

Hart, J.F., 2003. The Changing Scale of American Agriculture. University of Virginia
Press, Charlottesville, 320 pp.

Hibbard, K.A., Schimel, D.S., Archer, S., Ojima, D.S., Parton, W.,  2003. Grassland to
woodland transitions: integrating changes in landscape structure and biogeo-
chemistry. Ecological Applications 13 (4), 911–926.

Higgins, K.F., Naugle, D.E., Forman, K.J., 2002. A case study of changing land use
practices in the Northern Great Plains U.S.A.: an uncertain future for waterbird
conservation. Waterbirds: The International Journal of Waterbird Biology 25
(sp2), 42–50.

Homer, C., Huang, C., Yang, L., Wylie, B., Coan, M.,  2004. Development of a 2001
national land-cover database for the United States. Photogrammetric Engineer-
ing and Remote Sensing 70, 829–840.

Kettle, N., Harrington, L., Harrington, J., 2007. Groundwater depletion and agricul-
tural land use change in the High Plains: a case study from Wichita County,
Kansas. The Professional Geographer 59 (2), 221–235.

Kollmorgen, W.M.,  Simonett, D.S., 1965. Grazing operations in the Flint Hills-
bluestem pastures of Chase County, Kansas. Annals of the Association of
American Geographers 55 (2), 260–290.

Kromm, D.E., White, S.E. (Eds.), 1992. Groundwater Exploitation in the High Plains.
University of Kansas Press, Lawrence, Kansas, 240 pp.

Lambin, E.F., Rounsevell, M., Geist, H., 2000. Are current agricultural land use mod-
els  able to predict changes in land use intensity? Agriculture, Ecosystems and
Environment 1653, 1–11.

Lawson, M.P., Stockton, C.W., 1981. Desert myth and climatic reality. Annals of the
Association of American Geographers 71, 527–535.

Leathers, N., Harrington, L., 2000. Effectiveness of Conservation Reserve Programs
and land slippage in southwestern Kansas. The Professional Geographer 52,
83–93.

Lindert, P.H., 1988. Long-run trends in American farmland values. Agricultural His-
tory 62, 45–85.

Liu, J., Dietz, T., Carpenter, S.R., Alberti, M.,  Folke, C., Moran, E., Pell, A.N., Deadman,
P., Kratz, T., Lubchenco, J., Ostrom, E., Ouyang, Z., Provencher, W.,  Redman, C.L.,
Schneider, S.H., Taylor, W.W.,  2007. Complexity of coupled human and natural
systems. Science 317 (5844), 1513–1516.

Loveland, T.R., Sohl, T.L., Stehman, S.V., Gallant, A.L., Sayler, K.L., Napton,
D.E., 2002. A strategy for estimating the rates of recent United States
land-cover changes. Photogrammetric Engineering and Remote Sensing 68,
1091–1099.

McGuire, V.L., 2003. Water-level Changes in the High Plains Aquifer, Predevelopment
to 2001, 1999 to 2000, and 2000 to 2001. US Geological Survey Fact Sheet, FS-
078-03, 4 pp.

Mitchell, J.E., 2000. Rangeland Resource Trends in the United States: A Technical
Document Supporting the 2000. USDA Forest Service RPA Assessment. Gen.
Tech. Rep. RMRS-GTR-68. U.S. Department of Agriculture, Forest Service, Rocky
Mountain Research Station, Fort Collins, CO, 84 pp.

Natural Resources Conservation Service [NRCS], 2000. National Resources Inventory,
1997. U.S. Department of Commerce, Washington, DC.

Nellis, M.D., Price, K.P., Egbert, S.L., Wu,  J., 1996. Natural resource capabilities of CRP
lands as grasslands in southwest Kansas: a remote sensing and GIS perspective.
Geo-carto International 11 (3), 23–28.

Omernik, J.M., 1987. Ecoregions of the conterminous United States. Annals of the
Association of American Geographers 77, 118–125.

Parton, W.J., Gutmann, M.P., Travis, W.R., 2003. Sustainability and historical land use
change in the Great Plains: the case of eastern Colorado. Great Plains Research
13, 97–125.

Parton, W.J., Gutmann, M.P., Williams, S.A., Easter, M.,  Ojima, D., 2005. Ecological
impact of historical land-use patterns in the Great Plains: a methodological
assessment. Ecological Applications 15, 1915–1928.

Parton, W.J., Gutmann, M.P., Ojima, D., 2007. Long-term trends in population, farm
income, and crop production in the Great Plains. BioScience 57, 737–747.

Pielke, R., Adegoke, A., Beltràn-Przekurat, J.A., Hiemstra, C.A., Linn, J., Nair, U.S.,
Niyogi, D., Nobis, T.E., 2007. An overview of regional land-use and land-cover
impacts on rainfall. Tellus B 59, 587–601.

Polsky, C., Easterling III, W.E., 2001. Ricardian climate sensitivities: accounting for
adaptation across scales. Agriculture, Ecosystems and Environment 85, 133–144.
Pontius Jr., R.G., Shusas, E., McEachern, M.,  2004. Detecting important categorical
land changes while accounting for persistence. Agriculture, Ecosystems and
Environment 101, 251–268.

Post, W.M.,  Kwon, K.C., 2000. Soil carbon sequestration and land-use change: pro-
cesses and potential. Global Change Biology 6, 317–327.



d Use

R

R

R

R

S

S

S

S

S

S

T

T

T

M.A. Drummond et al. / Lan

amankutty, N., Evan, A., Monfreda, C., Foley, J.A., 2008. Farming the planet. 1: The
geographic distribution of agricultural lands in the year 2000. Global Biogeo-
chemical Cycles 22 (GB1003), 1–19.

iebsame, W.E., 1990. The United States Great Plains. In: Clark, W.C., Turner, B.L.,
Kates, R.W., Richards, J., Mathews, J.T., Meyer, W.  (Eds.), The Earth as Trans-
formed by Human Action. Cambridge University Press, Cambridge, pp. 561–575.

indfuss, R.R., Walsh, S.J., Turner, I.I.B.L., Fox, J., Mishra, V., 2004. Developing a
science of land change: challenges and methodological issues. Proceedings of
the National Academy of Sciences of the United States of America 101 (39),
13976–13981.

osenberg, N.J., Smith, S.J., 2009. A sustainable biomass industry for the North
American Great Plains. Current Opinion in Environmental Sustainability 1,
121–132.

canlon, B.R., Reedy, R.C., Stonestrom, D.A., Prudic, D.E., Dennehy, K.F., 2005. Impact
of  land use and land cover change on groundwater recharge and quality in the
southwestern US. Global Change Biology 11, 1577–1593.

earchinger, T., Heimlich, R., Houghton, R.A., Dong, F., Elobeid, A., Fabiosa, J., Tokgoz,
S., Hayes, D., Yu, T., 2008. Use of U.S. cropland for biofuels increases greenhouse
gases through emissions from land use change. Science 319, 1238–1240.

mith, L.M., Haukos, D.A., McMurry, S.T., LaGrange, T., Willis, D., 2011. Ecosystem
services provided by playas in the High Plains: potential influences of USDA
conservation programs. Ecological Applications 21 (3 Suppl.), S82–S92.

tam, J.M., Dixon, B.L., 2004. Farmer Bankruptcies and Farm Exits in the United
States, 1899–2002. Economic Research Service, U.S. Department of Agriculture,
Agriculture Bulletin Number 788, Washington, D.C.

tehman, S.V., Sohl, T.L., Loveland, T.R., 2003. Statistical sampling to characterize
recent United States land-cover change. Remote Sensing of Environment 86,
517–529.

ullivan, P., Hellerstein, D., Hansen, L., Johansson, R., Koenig, S., Lubowski, R.,
McBride, W.,  McGranahan, D., Roberts, M.,  Vogel, S., 2004. The Conservation
Reserve Program: Economic Implications for Rural America. Economic Research
Service, U.S, Department of Agriculture, Agricultural Economic Report Number
AER-834, Washington, D.C.

ennesen, M.,  2008. When juniper and woody plants invade, water may  retreat.

Science 322 (5908), 1630–1631.

odhunter, P.E., Rundquist, B.C., 2004. Terminal lake flooding and wetland expansion
in Nelson County, North Dakota. Physical Geography 25, 68–85.

odhunter, P.E., Rundquist, B.C., 2007. Pervasive wetland flooding in the glacial drift
prairie of North Dakota. Natural Hazards 46, 73–88.
 Policy 29 (2012) 710– 723 723

Trostle, R., 2008. Global Agricultural Supply and Demand: Factors Contributing to the
Recent Increase in Food Commodity Prices. Economic Research Service-USDA,
WRS-0801, 30 pp.

Turner, B.L.I.I., Lambin, E.F., Reenburg, A., 2007. The emergence of land change sci-
ence for global environmental change and sustainability. Proceedings of the
National Academy of Sciences 104, 20666–22067.

US Department of Agriculture [USDA], Farm Service Agency, 2010. Conserva-
tion Reserve Program – Cumulative Enrollment by Year. US Department of
Agriculture, Washington, DC (accessed on 06.12.11) http://www.fsa.usda.gov/
Internet/FSA File/historycounty.xls.

US Department of Agriculture [USDA], 1973. Land Capability Classification, Soil Con-
servation Service Handbook No. 210. US Department of Agriculture, Washington,
DC.

US  Environmental Protection Agency [USEPA], 1999. Level III Ecoregions of the Con-
tinental United States (revised March 1999, map).

US Global Change Research Program [USGCRP], 2009. In: Karl, T.R., Melillo, J.M.,
Peterson, T.C. (Eds.), Global Climate Change Impacts in the United States. Cam-
bridge University Press, Cambridge, 188 pp.

Walker, R.T., 2001. Urban sprawl and natural areas encroachment: linking land
cover change and economic development in the Florida Everglades. Ecological
Economics 37 (3), 357–369.

Walker, R., Solecki, W.,  2004. Theorizing land-cover and land-use change: the case of
the Florida Everglades and its degradation. Annals of the Association of American
Geographers 94 (2), 311–328.

Walsh, J., 1980. What to do when the well runs dry. Science 210, 754–756.
Wessman, C.A., Archer, S., Johnson, L.C., Asner, G.P., 2004. Woodland expansion in

US grasslands: assessing land-cover change and biogeochemical impacts. In:
Gutman, G., Janetos, A.C., Justice, C.O. (Eds.), Land Change Science Observing,
Monitoring, and Understanding Trajectories of Change on the Earth’s Surface.
Kluwer, Netherlands, pp. 185–208.

White, S.E., 1994. Ogallala oases: water use, population redistribution, and policy
implications in the High Plains of Western Kansas, 1980–1990. Annals of the
Association of American Geographers 84 (1), 29–45.

Wilson, S.G., 2009. Population Dynamics of the Great Plains: 1950 to 2007.

U.S. Census Bureau, Current Population Reports P25-1137, Washington D.C.,
19  pp.

Wu,  J., Nellis, M.D., Ransom, M.D., Su, H., Rundquist, B.C., 1999. Characterizing the
relationships between land use and groundwater for Finney County, Kansas.
Geographical and Environmental Modeling 3 (2), 203–215.


	Land change variability and human–environment dynamics in the United States Great Plains
	Introduction
	Land change research

	Material and methods
	Study region
	Land cover approach

	Results
	Great plains land-cover change
	Rates and types of change within ecoregions
	Temporal land change
	Major processes of change
	Conceptualizing land change and human–environment dynamics
	How dynamic and varied are the changes in the plains?

	Conclusions
	Acknowledgements
	References


